is the first to be put out of action, but if the heart continues to beat and breathing quickly starts again recovery is the rule. If breathing is arrested, artificial respiration may keep the patient alive until the respiratory centre recovers again. Death, however, may occur, presumably from bulbar anaemia. It is said that at autopsy no demonstrable lesion may be found, but as a rule there are contusions of the brain-stem. In Vance's [9] series of 507 post-mortem examinations in cases of head injury, death in concussion occurred in 139, or 27 4%, and of these 86 patients died within a few minutes. A blow of moderate strength in the suboccipital region is more likely to result in concussion of the medulla than a similar blow on the vault. In all but the severe cases, however, recovery from this state of collapse commences within a few minutes. The heart begins to beat more strongly, respirations, although irregular, become deeper, reflex reactions return, the pupillary response to light being the first, the degree of unconsciousness becomes less and the patient begins to stir. He usually vomits, and the straining, by raising the blood-pressure, hastens recovery. During this period, or " stage of reaction " (Trotter) [8] , there may be restlessness, irritability and sometimes mild delirium, and headache is constant. The temperature may be slightly raised.
With a history of head injury the recognition of concussion is not difficult. As Trotter [8] has insisted, the three essential clinical features of it are (1) the absolutely instantaneous onset, (2) the paralytic nature of the symptoms, and (3) their tendency to disappear spontaneously. Difficulty, in the acute stage, arises when complications. such as contusion, laceration and hbemorrhage, are associated with it. It is clear that the brain has been damaged or extracerebral hmorrhage has occurred, if recovery of unconsciousness is delayed, if the stage of reaction is prolonged more than a day or so, if stupor or coma recurs after consciousness has been regained partially or completely, if local paralysis is present, or if blood is found in the cerebrospinal fluid. But experience of the subsequent histories of patients who have survived concussion must compel clinicians to go further, and to doubt whether any but the mild or moderately severe cases recover without organic damage to the brain. Even these do not always escape.
In regard to the duration of unconsciousness in concussion, the condition of the cardio-vascular system may play a part, for if the heart is feeble and the arteries are diseased, re-establishment of the circulation may be delayod and the period of unconsciousness be thus prolonged. Extracranial heemorrhage would have the same effect, and must be taken into account.
Contusion and laceration.-The essential difference between contusion and laceration, which are by far the most common structural lesions of the brain after head injury, is in the degree of hemorrhage. In both there is focal necrosis of neural elements, but in laceration there is often considerable bleeding from torn vessels, whilst in contusion, himorrhage, as a rule, is little more than punctate.
Local cerebral contusion, followed by persistent paroxvsmal headache, may result from a blow on the vault that gives rise to only mild concussion, in which the patient is merely dazed for a brief period. On the other hand, it is probable that severe concussion, especially when its severity is indicated by the presence of fixed pupils and bulbar signs, is almost invariably associated with multiple contusions throughout the brain. Apart from pathological evidence, this view is supported by the frequency with which symptoms such as certain kinds of headache, giddiness, impairment of memory and so on, which are not psychogenic, follow these injuries, and become chronic.
The presence of multiple contusions results in prolongation of the period of unconsciousness in concussion, and recovery from it is protracted, due probably to cedema round the areas of contusion. The clinical picture has for long been ascribed to "cerebral irritation," but whilst there may indeed be increased excitability of the nervous elements owing to venous congestion and anoxeemia, defective inhibition of neural function plays a part, for at least many of its symptoms are of this order. The symptomatology, at all events, is well known, and need only be briefly described. After the initial phase of collapse, which may last several minutes or hours, the patient more or less regains consciousness but is irritable and drowsy during the day, and is often delirious or may even be maniacal at night. He resents interference, lies curled up in bed with his eyes turned away from the light, and, especially if disturbed, complains of severe throbbing headache. There may be nausea and vomiting, the temperature is often slightly raised, and the pulse full and bounding. This condition usually reaches its height within about two days of the injury and may persist unabated for days or longer. After this, as a rule, most of the more acute symptoms such as fever, delirium and photophobia, disappear, but an abnormal state of health often persists for an indefinite period of time.
The most common symptoms of cerebral contusion, which were looked upon as neurotic before Trotter indicated their organic character, are headache, giddiness, irritability, nervousness, defective memory and power of concentration, fatigability, lack of interest and initiative, and sleeplessness. The headaches, which in the early days are continuous, later become paroxysmal and from their clinical features can be differentiated into two classes.
(1) Intracranial hypertension headache.-This is the more common. Briefly, it is a severe aching or bursting pain with additional throbbing or shooting pains, which are brought on by emotional disturbance, bright light, and effort such as reading, listening intently, hurrying, straining at stool, coughing or sneezing. The headache is also aggravated or precipitated when the patient lies down for any length of time, especially if asleep, as in bed at night, and is relieved when he sits up and keeps quiet. Such headaches, in the acute and subacute stages after head injury, are probably due to cerebral edema. It is unlikely that cedema persists for long, and some other pathological abnormality is present, possibly damage to the absorbing mechanism of the cerebrospinal fluid from lesions of the Pacchionian bodies. Confirmatory evidence of increased intracranial tension is usually supplied by abnormally high manometric readings of cerebrospinal fluid pressure at lumbar puncture.
(2) Intracranial hypotension headaches.-In a much smaller number of cases the headaches, at all events when they become intermittent, react quite differently to posture, for they diminish or disappear when the patient lies flat, and reappear when he sits up. In such cases the cerebrospinal fluid pressure is abnormally low.
McCreery and Berry [51 found diminished pressure in 12 out of 414 cases.
A characteristic example is the following case:-Cerebral contusion with intracranial hypotension headaches.-C. N., aged 32, steel erector. Two years ago he was hit in the middle of the forehead by the piston of a compressed air gun, and was unconscious for about an hour. A scalp wound was stitched up and he remained at home for a week but did not stay in bed. Following the accident he suffered from cointinual stabbing pains in the region of the wound, which were worse on coughing and stooping, and were apt to keep him awake at night. Three weeks after the accident, in addition to the pain in the region of the wound, he began to get continuous throbbing headaches in the temples and top of his head, which were worse in the evening and were aggravated by coughing and stooping. The throbbing was synchronous with his pulse, and with the headaches he had attacks of giddiness.
On examination, there was weakness of both external recti, with diplopia on looking to either side, but his nervous system was otherwise clear. His cerebrospinal fluid pressure was however found to be subnormal, being 80 mm. of cerebrospinal fluid. His headaches, apart from the stabbing pains in his forehead, disappeared when the foot of the bed was elevated.
The cause of the lowered intracranial pressure in such cases of post-contusional hypotension headaches has not been proven, but it may be that the choroid plexuses are damaged, with consequent diminished rate of production of cerebrospinal fluid. Rand [71, from histological investigation in fatal cases of head injury, has demonstrated the frequency of gross lesions of the choroid plexuses.
The late clinical results of cerebral contusion do not form part of this discussion, but some of the sequelm must be touched upon in so far as they indicate the organic basis of many of the symptoms. In the vast majority of cases in which recovery is incomplete after the stage of concussion, the symptoms complained of, and for which contusion is probably the main organic foundation, are headache, giddiness and minor mental disorders such as defective memory and concentration, slowness of thought, loss of initiative, insomnia and irritability. Engrafted on this state of mental enfeeblement, and as the result of anxiety from different causes, other symptoms may develop.
Gross mental defect, sufficient to constitute insanity, for longer than a few days after the injury, is uncommon, but such cases do occur, and two which have recently come under observation may be briefly described.
Trautmatic delirium.-G. B., a man aged 63, who had led an exceptionally healthy and active life, was thrown from his horse on to his head. Unconsciousness was immediate, but five minutes later he had recovered sufficiently to ask for his wife, and within ten minutes recognized her. He bled for three days from his left ear and nostril. Soon after the accident he vomited repeatedly and was incontinent. There were no convulsions. He passed into a state in which, when not under the influence of sedatives, he was restless, violent, disoriented and confused. Usually he recognized his wife, but no one else, and he never knew where he was. He complained of severe headache. For the first four weeks he took food well, but after that would take fluids only.
Five weeks after the injury, when I first examined him, he presented no sign of focal damage to the brain. The cerebrospinal fluid was clear (and was subsequently found to be normal), but appeared to be under pressure. For lumbar puncture a general anesthetic was necessary because of his violence.
Since the restless, confused mental state was punctuated by three stuporose periods, and the cerebrospinal fluid pressure appeared to be high, the possibility of subdural venous hfemorrhage as a complication of multiple cerebral contusions was considered. After the journey to London, reflex changes in the left lower limb were for the first time present. The left knee-and ankle-jerks were relatively increased and the plantar response was extensor. Cairns tapped the anterior horns of the ventricles, which were found to be full of cerebrospinal fluid, but the pressure was subnormal, being 90 mm. of cerebrospinal fluid. The arachnoid was distended with cerebrospinal fluid, and bulged through the openings in the skull. These observations clearly indicated that there was no compression of the hemispheres. The patient's condition after the operation remained the same as before until he developed pneumonia a week later and soon afterwards died.
At post-mortem examination the brain appeared to be shrunken, and there were superficial lacerations on the outer aspects of both temporal lobes. Gross hEemorrhage was not found. Sections of the cerebrum, brain-stem or cerebellum did not show, to the naked eye, any obvious abnormality. Fixation is not complete, and histological examination has yet to be carried out.
The abnormal mental state in this case, which persisted for seven weeks, till the patient died from pneumonia, was one of delirium, with periods of maniacal excitement or, more rarely, of stupor, the pathological basis of which cannot at present be explained. It cannot have been due to venous congestion from cerebral cedema throughout the whole course of his illness, for although the evidence in regard to cerebrospinal fluid pressure was equivocal, the brain at operation and at post-mortem was, if anything, shrunken, and the arachnoid was distended with fluid. Presumably multiple contusions will be found.
The second case is also instructive, for it illustrates the rare condition of severe traumatic dementia.
Traumatic dementia.-Private E. T., aged 28, Army clerk, on March 13, 1931, was admitted to Cambridge Military Hospital unconscious, and was said to have been run into by a motor cycle. He was unconscious and incontinent for eleven days, after which time he was restless and irritable, but was able to indicate when he wanted the bed-pan. There was a contused wound in the occipital region, and skiagrams showed a vertical fracture extending down the whole length of the occipital bone into the foramen magnum. Nine days after the accident unconsciousness deepened, and on lumbar puncture the cerebrospinal fluid was found to be under increased pressure, to be yellow and to contain blood. Thirteen days after the accident he answered questions sensibly, and no organic signs were found in his nervous system. He was kept flat in bed for nine weeks, and in hospital for fourteen weeks. On discharge he seemed to be fairly normal, except for paroxysmal headaches, forgetfulness and insomnia. He had been a particularly competent clerk, but when he returned to duty he was found to be quite useless. He did not know his work, was grossly forgetful, slow and stupid, and lacked initiative. He was invalided from the Army in September, 1931. He was taken to see me on November 5, and was still suffering from headaches. He was dull and slow mentally, and his memory was very poor. According to his father, he had, since the accident, completely altered in character. Previously an intelligent, thoughtful and affectionate man, he had become simple, talkative and argumentative in a silly way. He was mischievous, and would break up things, for example a bicycle, in a way that a child would do. Apart from anosmia and diminished hearing, there were no abnormal physical signs.
Although at first sight this picture of mental deterioration is very different from the minor mental changes common to slighter cerebral injuries, the difference is, on reflection, only one of degree.
Focal signs with cerebral contusion.-It is a matter of common medical experience, but to the legal mind difficult to believe, that traumatic cerebral injuries which give rise to disabling symptoms of organic origin are, as a rule, unaccompanied by demonstrable physical signs. This difficulty in comprehension encountered in the Law Courts is of the same order as that in regard to the significance of fracture of the skull. Still, physical signs are more common than is generally supposed, but they may often be missed, for most frequently they are either pupillary, and will escape detection unless the examination is careful, or consist of defects of smell or hearing, functions which may not be tested unless the patient draws attention to them. Occasionally slight cerebral signs are present in the form of evidence of pyramidal defect or sensory impairment. Pupillary abnormalities are usually due to lesions in the mid-brain, and consist of irregularity, inequality, eccentricity, and impairment of reflex reactions. Other ocular sigrns are sometimes encountered, such as diplopia, squint, and weakness of conjugate movement of the eyes. When the defect is for conjugate lateral movement, the lesion, of course, is in the pons.
In my experience, mesencephalic signs in the early stages of severe head injuries are not uncommon, but many of them rapidly disappear. A recent case may be cited.
Contusion of mid-brain.-J. B., aged 25, female. On November 9, 1931, she was apparently thrown from her horse, and was found lying on the road unconscious by a doctor, who said that she had a series of generalized epileptic attacks. At that time her left pupil was larger than her right, and she vomited. There was a bruise in her left occipital region and an abrasion in her left frontal region. No bleeding from her ears or nose was noticed. She was taken to hospital, where her pulse was found to be 56, respirations 12 and temperature subnormal. In three days she slowly regained consciousness, but when I saw her on November 13, 1931, four days after the accident, she was still dull and confused, but had no more fits or vomiting. On that day her pulse was 64, respirations 16, temperature 99*4. She objected to light, complained of bilateral frontal headache, and was able to co-operate, although her answers were slow. Her discs were clear, her pupils moderately dilated and reacted fairly well to light but poorly on convergence. There were absence of conjugate convergence with slight divergent squint, and diplopia on upward and downward movements of her eyes, due to weakness of the elevator and depressor of her right eye. Coarse lateral nystagmus on looking to either side was present. There was slight weakness of her left lower face and complete deafness to a watch in her left ear. All voluntary movements of her limbs were good and equal. Her left supinator jerk was brisker than her right, her abdominal reflexes, as well as her kneeand ankle-jerks were brisk and equal on the two sides, and her plantar responses were extensor. Sensibility to light touch and pin-prick appeared to be good. Her heart was clear, and blood-pressure readings were 120/70. There had been retention of urine and fhces since the accident. She was not lumbar punctured. Up to that time she had been kept flat in bed, but was now to be propped up for part of the day and given a daily rectal injection of three ounces of magnesium sulphate in six ounces of water.
On November 24, 1931, fifteen days after the accident, her doctor reported that she had remained mentally clear, but continued to complain of some headache. She was sleeping well with the help of a moderate dose of bromide and chloral. Diplopia and squint had disappeared, but there was still nystagmus, but now only on looking to the left, and her plantar responses were indefinite.
The physical signs in this case were presumably due to contusion of the midbrain, and it is likely that few of them will be permanent.'
The occurrence of convulsions in the stage of concussion, as in this case, is no indication that the patient will be subject to fits. As is well known, less than 10% of the soldiers who were wounded in the head in the war suffered from late recurrent epileptiform seizures, although a much larger number had fits soon after the injury. Nevertheless, it is to be remembered that such attacks may develop for the first time months or even a few years after an accident to the head, to which they must, in all probability, be attributed, even if the cerebral damage may possibly act only as a precipitating cause in potentially epileptic subjects.
An interesting and rare syndrome occurring in association with ocular abnormalities is Parkinsonism, of which I have in my records three examples. Apart from their history of headaches and giddiness, they closely resemble, in their ocular and Parkinsonian features, cases following encephalitis lethargica. None, as yet, have been reported in this country, but clinicians on the Continent are familiar with them.
Treatment.-Head injuries, almost more than any other group of cases, justify the establishment of neurological departments in the large general hospitals, so that the neurological physician and surgeon can combine in tackling the therapeutic problems which are as yet imperfectly solved. It can, however, be said at once that apart from the necessity for dealing with wounds and the comparatively rare complication of compressive haemorrhage, surgery plays little part in early treatment. Many questions in treatment as in other aspects of the problem require discussion, and attention will first be directed to the common case of slight concussion, in which the patient, for a brief period, is dazed or even unconscious. Usually recovery is complete and permanent, but in view of the possible subsequent development of so-called contusional headaches, should rest in bed without or with active treatment be insisted upon, and for what period of time? Ideally, rest for a week or ten days is advisable, but practically, this may not always be possible, for the circumstances of the accident and the psychology of the patient demand consideration.
When unconsciousness is, however, of longer duration the patient ought to be put to bed in the recumbent position, and, if collapsed, external warmth applied. I POSTSCRIPT.-Since this paper was read, I examined this patient again, on December 5, 1931, twenty-six days after the accident. She did not remember the previous examination or having seen me before. Headaches, which she described as a sensation of pressure on the top of her head, made worse by sitting up, had steadily diminished in frequency and severity. Giddiness was also less. There had been no diplopia for some days, and she was sleeping well. She knew that she was irritable. On examination, she was clear mentally and co-operative. The positive signs found were as follows. Her pupils were equal and moderately dilated, but irregular, and the right reacted very poorly to light but the reaction on convergence was good in both. There was still some lateral nystagmus. Sensibility to light touch and pin-prick was slightly diminished on the left side of her face, and hearing on that side was still impaired, a watch being heard at four inches. The tendon jerks in her limbs were equal but diminished, as were also her abdominal reflexes, and her left plantar response was still extensor although her right was now flexor. There was some reduction in sensibility to light touch and pin-prick in her left upper limb, but postural sensibility was good. On lumbar puncture, the cerebrospinal fluid was found to be blood-stained, and under a pressure of 110 mm. to 120 mm. of cerebrospinal fluid.
If collapse is severe, the lower end of the bed may be raised, or the lower limbs bandaged. Pituitrin is said to be useful, but I have no personal experience upon which to give an opinion. For respiratory embarrassment, a hypodermic injection of strychnine can be given. Apart from attending to external wounds and keeping a watch on the pulse and respiration, the patient at this stage should be disturbed as little as possible. After the stage of reaction has clearly developed and more or less complete consciousness has returned, it is probably wise, as a routine, to perform lumbar puncture in order to estimate manometrically the cerebrospinal fluid pressure, and to ascertain whether the fluid is mixed with blood. If the pressure is high-the normal limit being 200 mm. of cerebrospinal fluid-the patient should be propped up, so using gravity as a means of lowering the intracranial pressure; if on the other hand, it is subnormal-below 100 mm., as it is in a smaller number of cases-the recumbent position is to be maintained. Should the pressure be within normal limits, the safe plan is moderately to raise the head and shoulders, say with two pillows.
In regard to the presence of blood in the cerebrospinal fluid, if it is so excessive as to indicate continued hamorrhage, no appreciable amount of fluid should be withdrawn. But if the quantity of blood is such that it is freely mixed with the cerebrospinal fluid, the question arises as to the advisability of immediate drainage,in order to diminish the development of aseptic meningitis. The inflammatory reaction to blood in the subarachnoid space is now well recognized. Its clinical effects are best shown in cases of non-traumatic subarachnoid haemorrhage from rupture of a basal aneurysm. One of the questions to be answered by investigation is whether meningitis from haemorrhage in the acute stages of head injury endangers life, as, for example, by interfering with the functions of the bulb or its nerves, or gives rise to some of the sequelw, of head injury.
Withdrawal of fluid by lumbar puncture is also used as a method for lowering intracranial pressure when it is unduly high, and has to be considered on this basis.
Methods of lozvering intracranial hypertension.-There are, apart from utilizing the posture of the patient, three methods in present use for reduction of raised intracranial pressure: (1) drainage by lumbar puncture, (2) dehydration by hypertonic solutions, and (3) decompression.
(1) Lumbar puncture.-Since 1905, when Quincke first advocated it, drainage by lumbar puncture has had supporters and detractors. Cushing advised caution. Jackson [2] is in favour of its being employed at intervals of from six to twenty-four hours. Ochsner [6] advocates the following procedure. If the cerebrospinal fluid pressure is above 10 mm. Hg, it is abnormal, and enough fluid should be slowly removed to decrease the pressure above 10 mm. by one half-thus, if the pressure is 20 mm. Hg, to reduce it to 15 mm. Hg. My feeling at present is that its usefulness is better restricted to the removal of free blood, dehydration being probably safer.
(2) Dehydration.-Hypertonic solutions of salt, magnesium sulphate, and glucose are employed. The first and last are given intravenously, but magnesium sulphate ought to be administered only by mouth or rectum, for in the blood it acts as an antesthetic and depresses respiration. For intravenous use, a 50% solution of glucose has advantages over salt in that it dehydrates more gradually and does not lead to a subsequent rise of pressure. Fifty to one hundred c.c. are injected once or twice daily or even more often.
Provided that the patient can retain it for fifteen or twenty minutes, an injection per rectum of 6 oz. of a 50% solution of magnesium sulphate gives excellent although less rapid results. It should not be repeated more than twice daily, beoause of the risk of irritation of the rectal mucosa. Should this arise, a weaker solution, for example, 1i oz. of magnesium sulphate in 8 oz. of water, can be used: Fay [1] has Proceedings of the Royal Society oJ Medicine 30 proved that this weaker solution has a pronounced effect within an hour of injection.
He has also shown that magnesium sulphate is twice as effective a dehydrating agent as sodium chloride, when introduced into the intestine. During dehydration, the intake of fluid ought, of course, to be limited.
Abstraction of fluid from the body, if pushed too far, is dangerous, but employed with moderation it is a most valuable method for reducing intracranial pressure.
(3) Decompression.-Except in cases of compression from hiemorrhage, this procedure has been superseded by dehydration and lumbar puncture drainage. There remains the question of how to deal with those cases in which intracranial pressure is abnormally low. Is there any need for treatment, in addition to rest ?
It is known that sequele such as headache of the hypotension variety do occur and persist indefinitely. Can they be prevented by active measures in the subacute stage of the illness ? Some believe that they can. As a means of raising the intracranial pressure towards the normal level it is at least reasonable to keep the patient in the recumbent position, or even to prop up the foot of his bed. Leriche [3] has advised intravenous injection of hypotonic solution or sterile water, and McCreery and Berry [5] claim good results from their use.
In regard to sedatives, which are often necessary in the treatment of head injuries in the early stages at least, morphia should not be employed because of its depressant effect on the respiratory centre. Bromide and choral are safe.
The minimum period of time during which complete rest in bed should be insisted upon will, of course, vary with the severity of the case. I would suggest that three weeks is necessary in cases of moderately severe concussion, in which there is reason to believe that some contusion is present. After this time, if symptoms have gone, the patient should be allowed to get up for increasing periods, but should headache or giddiness return, he should be put back to bed for another week or ten days. During convalescence, which should last for another three or four weeks, his activities should be carefully regulated. Lastly, an atmosphere of anxiety should be avoided, for after head injury, neuroses are apt to sprout with disconcerting ease.
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During the past hundred and fifty years surgeons exercised all their ingenuity and used all their practical skill (and both were considerable) in attempting to solve the problem of the fractured skull, in inquiring as to why the fracture line followed such and such a course, why it varied so much in different cases, why it appeared so frequently in places which clearly could have received no direct contusion. From the time of Pott onwards, a number of valuable studies were made, culminating in the wide-spread acceptance of the theory of bursting which comprehends, but does not explain, all the varieties of bone injury. The question of the fracture itself is, however, unpopular to-day, and surgical teaching generally passes over this aspect of head injury without deeply concerning itself with it. This is a matter of policy rather than a lack of lively interest, because it has been necessary to instil into the minds of students and others the fact that it is the intracranial damage rather than the cranial which is of vital importance. The fascinating study of the mechanics of bone injury, which we are better able to attempt to-day than ever before, has been for this reason suspended. I shall have little concern with the bony damage on this occasion and although depressed fractures have their interest and importance I shall leave comment on them on one side and pass on to the consideration of the acute intracranial injury.
At the outset I must make a declaration of my beliefs which are these:-(1) That in all head injuries serious enough to call for treatment during the acute stage, there is a fundamental state due to general cerebral contusion and that this has a recognizable histological picture, a state in which compression may be, but often is not, present according to circumstances, though secondary oedema may develop later.
(2) That there are laid down on top of this certain " Epiphenomena ", of which the chief are the various gross htemorrhages, intra-and extra-dural, and those other lesions specific to the fracture alone-meningitis, intracranial aerocoele, and some of the cranial nerve palsies.
(3) Lastly, that any patient who on admission to hospital is unconscious, may safely be assumed to have definitely widespread cerebral neural damage of greater or less degree. In addition, he may have any of the epiphenomena and it is a fascinating clinical task to separate the signs of these off from the fundamental state of general cerebral contusion.
The intracranial injury.-A discussion of the physical conditions which underlie that clinical picture of stupor, restlessness, and resentment with which everyone is familiar, leads us quickly into a thicket of old-established terms, notably concussion, contusion, and compression, each with its list of traditional signs. My own inclination is to dispense with concussion altogether and to retain two terms onlycontusion and compression, for with these two and these two alone are we on firm ground. The defect of the word "concussion" is not that it is meaningless, but that it suggests too miany unproven possibilities. Before we can profitably discuss this matter it is necessary that we should clear the way by a restatement of the views accepted to-day on the meaning of these states and to review Trotter's original concepbion.
Concussion.-Concussion, as Trotter conceives it, is a momentary affair during which the cerebral circulation is arrested by the instantaneous compression of the intracranial contents as a whole by the injuring force, a force generally of great mass but relatively low velocity. It is clear that the duration of such vascular arrest is to be measured in seconds, or less, and recovery should be extremely rapid. If, on the other hand, the unconsciousness and disablement last longer than a few seconds or minutes, Trotter postulates cerebral damage, and regards the stuporous state of the patient as due to "cerebral contusion" and not concussion. It follows therefore that any patient who is unconscious for more than a little time after the accident, and who is in fact unconscious on admission to hospital, must be suffering from an injury more severe than the effect of a temporary circulatory arrest. This conception, although simplicity itself, very quickly involves us in difficulties, chiefly through our inability to set a period to the duration of concussion, and to know with exactitude when it merges into contusion.
Trotter's conception of circulatory arrest as the cause of concussion is attractive and has been readily received by neurologists because he invokes a primarily nonneural mechanism to explain it. Very possibly time may prove it to be an incomplete or even incorrect explanation, as Miller recently suggested, but with our present knowledge it is the only one which easily explains rapid recovery from a transient stupor. It is perhaps difficult for us to imagine a force which is severe enough to arrest the circulation and yet causes no change whatever in the cerebral mass. We cannot criticize the idea too strongly because we are unable to set anything else with certainty in its place. We do not know enough of the possibilities of a trauma just severe enough to cause temporary unconsciousness any more than we know with certainty why it is that a contusion may interfere temporarily with conduction in a peripheral nerve. It may be a circulatory effect or it may be sormething more subtle and elusive-electrolytic and hydrogen-ion concentration variations and the like-as Rahm, and Knauer and Enderlen have suggested. The practical point is that we do well to accept concussion, whatever its actual pathology may be, as a dogma, as the symbol of a state we know to exist and of which primary shock and retrograde amnesia are the only immediate specific results. This is in the end a sterile subject, and a futile one, for the pursuit of theory may well prejudice the welfare of our patients. It is as clear as anything can be that a most precise knowledge of the cell changes underlying the state of pure concussion, even if we could verify them in the human subject, would not be of any real clinical assistance to us. The one great lesson that is of service is that which teaches that patients who remain stuporous after a head injury have suffered a contusion of the brain. What the nature of that contusion may be is a fitting subject for further remark.
General cerebral contusion.-The term cerebral contusion also requires a certain amount of critical consideration. In the first place the word contusion calls up to the mind a local injury, and although a local injury of the brain may be, and often is, present, this is not quite what the phrase ought to imply. We really mean a general contusion of the whole brain, for although chance may have ordered matters in such a manner that there has been damage done to the brain at the point of impact, yet by the laws of hydrodynamics every part of the intracranial contents must have suffered equal damage, subject to such modulations as the dural septa and different tissue resistances may bring about. Further, the term contusion implies hemorrhage. It is a commonplace of observation on post-mortem material that small hsemorrhages may be present, scattered through the cerebral tissues, some in the white matter, others in the grey, or at the junction of the two (see fig. 1 ). And we may assume that these punctate hsemorrhages, verified at necropsy, also occur in some degree in patients who recover. It requires statement that these haemorrhages are not so widespread as popular medical fancy has pictured. They are, in fact, usually quite limited in their distribution, notably to the poles of the brain and in the immediate vicinity of any laceration which may be present. Thus a section at necropsy, an inch or two from the tip of the frontal lobe, may show many punctate haemorrhages, whilst a transverse section through the motor areas or further back may in the same subject reveal none whatever. This calls to mind the classical dispute between Kocher and von Bergmann on the true pathological nature of concussion.
Histological examination of these punctate or larger haomorrhages shows the damage to projection and association tracts which we should expect to find ( fig. 2 ). In the neighbourhood we find the perivascular sheaths infiltrated with blood, some tight-packed, others loosely spattered with erythrocytes. Whether the blood in and around these sheaths has drifted in from the surface, or has come from the intracerebral arterioles, we can quickly decide. It is clear that the red cells are too tightly packed to have flowed in but have arisen from rupture of the vessel wall. We must remember that when the head is deformed by trauma not only is the brain substance itself subjected to violence but also the blood within it. The violence may be great enough to cause the vessels to burst within the brain, and we may assume that the blood in the sheaths has come from the vessels within and not from the surface. It is true that these haemorrhages may occur not only in the hemispheres but also in the brain-stem and medulla, as Duret in particular demonstrated. But these hamorrhages are usually very sparse and it may be questioned whether they are themselves the cause of death rather than the evidences of a dynamic force which has acted on vital structures in other ways as well.
Polar contusion.-It has long been known that the frontal and temporal lobes may show considerable laceration during the momentary violent deformation of the skull that injury produces. The fact that these lacerations tend to affect the poles of the frontal, temporal, and more rarely the occipital lobes seems to me to render the term polar contusion a singularly fitting appellation. It is certain that injuries of these lobes may lead to quite definite neurological signs of localizing import. which the leptomeninges and cortex are often severely damaged, lead to bleeding, often slight, but at other times resulting in the production of an acute subdural htemorrhage large enough to cause a rapid fatality. The factor of the cerebrospinal fluid in cranial trauma.-We owe to Duret the conception that the cerebrospinal fluid plays a large part in the pathology of head injuries, although he may have exaggerated its importance. The outstanding histological picture in cases which survive to the second or third day is cedema. This is evident in the illustrations which follow, in the dilatation of perivascular sheaths and in the actual pericellular oedema seen very well in fig. 5 . The question whether these changes are the artefacts of fixation and staining will come to mind. But against this is the fact that frozen sections show much the same conformation. The work of Henschen, of Le Count and Apfelbach, and of Rand, also agrees that cedema is the most constant of post-mortem findings. Apfelbach discovered gross increase in weight and diminution in ventricular size, probably the two most convincing arguments that could be brought forward. Latterly Rand has turned his attention to the choroid plexuses, and finds often a waterlogged stroma with definite changes in the cells, leading presumably in some cases to over-filtration of cerebrospinal fluid, in others to under-production. These factors, together with the blocking of arachnoid tufts by blood-corpuscles, no doubt account for the fact that both " wet " and " dry " brains may be found after injury, and that in some the brain is large and bulging, while in others its size is not noticeably altered. The difficulty that I find myself in is to know with certainty how much of this cedema is early and how much of it is late. It is quite clear that the cerebrospinal fluid must be subjected to the same trauma as the other intracranial contents, and may equally be displaced. We may, therefore, be faced, in generalized cerebral contusion, with neural disruptions produced by the cerebrospinal fluid. It is my belief that this is so, and that in this fact, together with reactionary cedema, we have the solution of the ancient conflict of opinion between Kocher and von Bergmann. Vascular h~maorrhages are obvious to the naked eye; cerebrospinal fluid " hwmorrhages " can only be discovered by special study. (Dr. Greenfield is of the opinion that both the blood and some of the aedema are outside the lining of the Virchow-Robin spaces. This is likely to be true as these spaces are not known to be so easily distended. The blood in particular no doubt injects itself along the vessels after rupture in a pathway of least resistance.)
From the foregoing we have one at least of the methods by which the cerebrospinal fluid comes to play a part in head injury. In addition, the intraventricular fluid may be of importance by producing, as it were, an internal pressure cone suddenly acting on the medulla and, maybe, tearing it, as Duret conceived. Very little evidence exists on this point, and I have looked for it without finding it once. It is possible that hyperthermia is due to changes of this nature in third ventricle vegetative nuclei rather than because of hemmorrhages into the pons. In addition, the fluid in the basal cisterne may be compressed, and these might give way, thus releasing those collections of subdural and extra-arachnoidal fluid that Naffziger and The common necropsy picture of cerebral cedema brings us up sharply against the question: is compression an important factor in bringing about the unconsciousness and stupor in which we find these patients for hours or days-or even weeks-after an injury ? The general opinion seems to be that if the patient does not recover consciousness within a few hours of the injury, his state is due to cerebral compression, possibly due to gross haemorrhage, perhaps due to general brain swelling. Now although from the practical point of view it is wise and proper that we should regard our patients from this angle, it is a fact that a number of these patients are not actually suffering from compression at all. This conclusion is arrived at from three distinct observations which others may apply for themselves.
First, that the cerebrospinal fluid pressure is often low or not notably increased, as measured by lumbar pressure readings. Second, that the effects of intravenous administration of hypertonic salt or glucose solutions are not uniformly good or even satisfactory. Third, that operation under local anesthesia commonly reveals a low-pressure brain with a contused temporal lobe, when a high-pressure bulging brain had been expected. One cannot easily say which of these observations is the mest important, but the effects of hypertonic solutions may be singled out. The difference between the results of these injections in head injuries in which the result is often nil as far as return to consciousness is concerned is in the greatest possible contrast to the events which often follow this procedure in brain tumours, that is, in cases where compression cannot be doubted or denied. In the latter the patient commonly becomes an altered being, stupor vanishes, and he arouses sufficiently to allow of valuable observations being made which were impossible before. The effect is due to the removal of that cerebral cedema which accompanies so many tumours (probably the result of histamine), the result being the more dramatic, the more the cedema and the less the tumour. Only occasionally does one achieve a similar result in bead injury, not because there is no cedema but because the patient's state is not entirely due to it. In those patients who have a pure cedemna with little neural damage a prompt favourable reaction will follow the giving of hypertonic solutions. But in those in whom the cerebrospinal fluid has caused neural disruptions (aided, maybe, by blood vascular leaks) no dramatic improvement will occur or could be expected. In fact if the whole picture of the post-traumatic state were due to a compression relievable by hypertonic solutions, the part played by what we term "p hysiological decompression" by hypertonic solutions would at this date be so universally accepted that we should not need to inquire into its usefulness. The difference between the results of giving hypertonic solutions to patients with brain tumours and giving it to those with head injuries is due to the fact that in the latter widespread damage has been induced first and cedema has followed it. If recovery is to be brought about, not only must excess fluid be removed, but the higher neuronal mechanisms which are interrupted must be restored.
The Epiphenomena.-The most important of these are the gross extra-and intra-dural hsemorrhages. I shall only make a few remarks on these in order to open the matter for other speakers. In the first place it should be said that middle meningeal haemorrhage in its classical form is a rarity, rarer in my experience than the supposedly venous intradural effusions. There is no doubt that it occupies a place in surgical teaching out of all proportion to its frequency in that particular guise. But we do well to expound its stages to students, because they typify certain definite physiological laws. There is, however, to-day little merit in diagnosing a classical extradural hbnmorrhage, but there is real merit and satisfaction in discovering one in the severer injuries where consciousness is not regained. In such cases the Hutchinsonian pupil is of the first importance, whilst a contralateral palsy may be picked out by careful bedside study, even when the patient is in some degree of stupor.
That extradural hiemorrhage may be a factor in mortality is made clear by Vance's studies of necropsy material-61 large enough to prove fatal-by compression, in a series of 507 post-mortems. These figures certainly give reason for anxiety if they can be accepted at their face value. However, as we know to our regret, certain of these patients die very quickly before an exploration can be made, whilst others die from associated brain damage after a successful intervention. Intradural hsemorrhage is commonly described in one form only, the chronic type, giving rise to late symptoms. It ought to be more widely known that it occurs in an acute form, not easily, or at all in some cases, distinguishable in signs from the extradural variety. In Vance's series, again, there were 312 deaths from intradural hinmorrhage, but there is no doubt that these were not local htmorrhages in the sense that we intend, and that the hoematoma alone was not truly the cause of death. My own view is that polar contusion is the common cause of such bleeding, that it may be no more than a film of blood or that it may form a massive compressing agent. Sometimes a large hmmorrhage results from a slight contusion, a very favourable type surgically. In other cases there is no more than a film of blood with very severe cerebral injury. Prompt exploration is commonly the best method of diagnosis and although the surgeon may on occasion find that he has operated on a contusion rather than a focal compression, this is a laudable error.
Diagnosis and treatment.-It is of service to have these views in mind when faced with a case of head injury-to recognize that if the patient is definitely stuporous some hours after the injury he certainly has neural damage; "concussion " is the wrong designation for his state. We must learn that the state of stupor and restlessness (Dr. C. P. Symonds has suggested "traumatic stupor" and "traumatic delirium " as terms which suitably describe the states, and these I accept) which we see is due to the fundamental general contusion. General cerebral compression may be present but is not an essential or integral part of the picture, though we must learn to pick out our local compressions so far as possible, and explore them on suspicion. Treatment by dehydration is at the moment a popular method of treatment of such individuals as we believe to have a general contusion. My own view is that we shouldonly dehydrate in those cases in which we know, by reason of manometric readings, that there is compression. That is to say, the lowering of pressure is not a thing to be indiscriminately employed. The usual methods advocated are: (a) Oral and rectal administration of magnesium sulphate; (b) intravenous injections of hypertonic solutions, of which the best is 50% glucose in doses of 50 to 100 c.c., and (c) lumbar puncture. A word of warning is necessary against lumbar puncture as a therapeutic measure. I know of three immediate fatalities after its use in this manner in cases of severe injury see also E. Sachs). It must be cautiously employed, especially on the cyanosed and very ill patient. Lumbar puncture should be reserved for diagnostic refinements-the appearance of the fluid, its red-cell count, and particularly its pressure-no greater quantity tbeing removed than is necessary. We have in hypertonic glucose a much more safe and valuable instrument for treatment when pressure readings indicate it. It will be found of exceptional utility in two classes of cases: First, those in which the patients are recovering consciousness, but are still somewhat unruly, and second, in which the condition does not call for any special anxiety but the patients are drowsy and complain of headache. Pressure readings should, however, be first taken and the glucose, once safely given, may be repeated as symptoms demand. I doubt whether hypertonic solutions have any marked curative effect in the severest head injuries during the first few hours.
ADDENDUM.-A fatality one hour and fifty minutes after the intravenous administration of 50% glucose has recently been reported [Browder] .
KOCHER, " Nothnagel's System," 1901, ix. VON BERGMANN, "System of Practical Surgery," i. DURET, "Traumatisme Cranio-cerebrale," Tome 2, 1920. TROTTER, "Choyce's System of Surgery," iii. RAHM, Zentralbl. f. Ghir., 1920, xlvii, 146 Surg. 1930 Surg. , viii, 1213 Dr. Ritchie Russell: I have had the opportunity, during the past twelve months, of studying the cases of head injury admitted to the surgical wards of the Royal Infirmary, Edinburgh. The condition of the cases on admission, the stages of recovery, the changes in the cerebrospinal fluid and the condition some months after discharge have been the main lines of investigation.
In order to make the records uniform and suitable for statistical study, I have carried out the clinical investigations according to a uniform scheme drawn up in the form of a printed questionnaire.
Records of the acute stage have been made in 200 cases, and I intend, in the short time available, to refer to a few of the observations made.
In attempting to classify the cases according to the degree of damage to the brain, it is convenient to divide those that survive according to the duration of loss of full consciousness, keeping the fatal cases in a separate group (Table I ). In using this method it is important to realize that the power of speech and intelligible conversation may have returned and yet the patient be quite disorientated and have subsequently no recollection of his actions. Thus the witnesses of an accident often erroneously consider that full consciousness has returned when the victim begins to move or to speak. A fairly accurate estimate of the duration of loss of full consciousness may be obtained subsequently from the patient's recollections as to when he became conscious of his surroundings. Whatever may have been the severity of the injury, the steps towards recovery are somewhat similar in uncomplicated cases, though of course the duration of the stages of recovery varies greatly.
Immediately after the blow the whole of the nervous system may be paralysed, even the respiratory and cardiac movements may cease. If recovery is to occur, the heart and respiration recommence. Involuntary movements of the limbs then occur and the reflexes return. Speech returns with a few words or phrases and movements become more purposeful. Up to this stage it is mainly the lower mechanisms of the brain that are recovering, and the similarity between cases is great. The highest, cerebral or mental functions, however, differ in every individual, and the stages of recovery of these functions produce widely different clinical pictures. The mental condition may simulate ahy of the states seen in alcoholic poisoning. In both conditions, the clinical picture probably depends on the individual psychological structure and balance. Thus the patient may be drowsy or talkative, docile or aggressive, impudent or irritable. He is never reserved, he may tell you his secrets, may be boastful or affectionate, and may even attempt to bribe his attendants to let him out of bed.
Then, comparatively suddenly, he looks around and asks where he is. He has now recovered full consciousness, returns to his normal behaviour and treats those who are looking after him with the customary civility. These changes seem to indicate that the higher functions-of self-consciousness, of control and inhibition-have again taken charge of his behaviour. These are the first to be affected in alcoholic poisoning and are the last to recover after a head injury. They presumably constitute the most sensitive mechanisms in the brain. These stages of recovery may be seen not only in the more severe cases, but also in those in which the individual is unconscious for only a few minutes.
In the series investigated, recollection of the actual blow to the head was never present when consciousness had been lost.
Retrograde amnesia was in most cases of brief duration, as is shown in Table II . This period of memory loss was determined by questioning the patient after full consciousness had returned, as, at an earlier stage, it was found to be of considerably longer duration. While retrograde amnesia of more than a few seconds' duration was seldom found in slight injuries, a longer period was not always present when the injury was severe. Thus in the case of a young man who was unconscious for two weeks, he subsequently remembered colliding with the tar barrel on the road which caused him to be thrown from his motor bicycle. Physical examination elicited few signs in uncomplicated cases. The pupils were unequal in thirty-eight cases, but the difference in size was usually slight. Abnormality of the plantar reflex is not uncommon in the acute stage and an extensor response was more often found in the severe cases-that is in those cases which were still unconscious when first examined, as is shown in Table III . A sign which was often present was rigidity of the neck muscles. This was present to a slight degree in thirty-eight cases and to a marked degree in twenty-eight. While it may be due to meningitis, or merely to a bruise in the region of the neck, it is often a sign of subarachnoid haemorrhage. Thus on thirty-two occasions examination of the cerebrospinal fluid showed it to contain over 1,000 red-blood corpuscles per cubic millimetre, and in all of these patients, with the exception of one who was deeply comatose, the neck muscles showed some rigidity.
Examination of the cerebrospinal fluid was carried out on sixty-seven occasions on forty cases. This was performed with the patient lying on his side with the head and spine at the same level. A fine needle was used, and the pressure of the fluid was in most cases measured with Greenfield's manometer. If care is taken only to penetrate the dura mater on one occasion, and only to pierce it for the least necessary distance, it is my experience that blood contamination from the puncture does not occur except in a degree that can be discerned only on microscopical examination of the fluid. In most cases, both a red and white cell count was carried out within an hour of taking the specimen, and it seems that the red blood-corpuscle count provides an indication of the degree of hTemorrhage which has occurred from the surface of the brain. In all specimens in which blood was present, it was evenly mixed with the spinal fluid, showed no tendency to clot, and after settling the supernatant fluid was yellow in colour.
It is largely through the tearing of small vessels in the pia arachnoid that hzemorrhage into the cerebrospinal fluid occurs. The bleeding is usually most at a point opposite to that at which the injury is received. It seems to me that this socalled contre-coup injury, which is the most constant of all post-mortem findings in these cases, cannot be entirely explained by any wave of force having been applied to the brain at that point. I suggest that the injury is mainly due to the brain being torn from its membranes by the force of its own momentum, or of its own inertia according respectively to whether the skull or the object with which it comes in contact has velocity. The place of least resistance to this force is the space between the arachnoid and the pia mater, as this space can be filled by cerebrospinal fluid when the brain is forced away from the skull. The fine bands of fibrous tissue which connect the arachnoid and pia mater are thus torn, with accompanying tearing of pial and cortical vessels. Subarachnoid haemorrhage is thus a striking feature of a contre-coup injury. The movement of the brain relative to the skull must be greatest at a point opposite to the impact, and hence the damage is most frequently found in this situation.
The following examination, to the pressure of the cerebrospinal fluid, and also the relation of the latter to the presence or absence of headache. It is apparent from this table that several of the patients who were in a stuporose condition had quite a low pressure, while several with a very high pressure were fully conscious. It is also apparent that in most, but not in all cases of high pressure, there was severe headache at the time of the examination. The Table below shows the relation of the amount of bloodcontamination to the mental state. Few cases with much blood in the fluid were conscious and all those with a red cell count of over 100,000 per c.mm. were either stuporose or comatose. The rate at which the blood-cells disappear is shown in figs. 2 and 3. After four or five days there are few red cells to be found, and the fluid becomes clear and yellowbrown in colour. The red cells begin to disappear rapidly from the first day after the accident, so that as in cases H. B. (fig. 2) and J. C. (fig. 3) , the rate of their disappearance forms a curve which approximates closely to the straight line. The presence, as in one case, of 50,000 red cells per cubic millimetre, seven days after the accident, probably indicates either that hiemorrhage continued for some days after the accident, or that a delayed hemorrhage had occurred. The fall in the total protein content of the fluid, as estimated by the micro-Kjaldahl method, parallels closely the fall in the red cell count (figs. 2 and 3) . In E. Y. (fig. 2) , for example, the protein content by the fifth day after the accident had dropped to 18 mg. per 100 c.c. These observations are of interest from the point of view of the study of the mechanism by which blood is removed from the cerebrospinal fluid, but there is no time to consider them more fully at present. The number of white cells may fall concurrently with the red cells, as in case E. Y., or there may be a temporary rise, as in case H. B. Case J. C., as indicated in fig. 3 , showed the clinical features of meningitis on the second and third days of his illness and recovered rapidly following lumbar puncture, so that in the course of twenty-four hours his temperature not only came down to normal, but the white cellcount in the cerebrospinal fluid fell from 6,000 per c.mm. to 800. These changes. did not apparently modify the steady disappearance of the red blood-cells and protein.
Hyperglycaemia is present after severe head injury, and correspondingly, the sugar content of the cerebrospinal fluid is raised in the early days after the injury. The drop in the sugar content, which occurs if purulent meningitis is developing, is shown in fig. 4 . The rise in the white cell count, which is also shown, was apparent before there was any change in the sugar content.
With regard to treatment, there are many points of uncertainty. No two cases are alike and the value of any therapeutic measure is difficult to assess. Treatment must therefore be based on the modern knowledge of intracranial physiology combined with one's conception of the mechanism of the changes that occur in the brain as a result of the injury. I have elsewhere' drawn attention to difficullties in accepting Trotter's conception of an acute compressive ancemia as the cause of the initial loss of consciousness, and the difficulty of accounting for the condition known as "cerebral irritation " by supposing that it is due to cerebral cedema. It seems to me more probable that the ancient conception of a "commotion " occurring in the nerve elements is the correct explanation of the sudden loss of consciousness. Further, I am inclined to the belief that-the condition of so-called cerebral irritation may be more correctly regarded merely as a stage in the recovery of consciousness. The highest cerebral functions having not yet recovered, motor and mental activity runs wild owing to the lack of this control.
At the present time there is a tendency to direct treatment largely, if not entirely, towards reducing intracranial pressure. In the early stages, however, a certain increase of pressure is harmless and even desirable for controlling ha3morrhage, and it is only when the increase of pressure is very great or if it becomes persistent, that some attempt may profitably be made to lower it. What seems more important, in the acute stage, is that some means sbould be taken to prevent violent restlessness, as this is liable, by raising the blood-pressure, to encourage hbemorrhage from torn cerebral capillaries and veins. Morphia is useful for this purpose, and can apparently be given without danger, provided that the patient is allowed to recover from the influence of the drug between each dose, in order that any change in his condition may not be obscured. In the absence of a depressed fracture or of compression of the brain by hemorrhage, it is doubtful whether there are any indications for operation on the skull in the acute stage.
I wish to express my gratitude to the surgical staff of the Edinburgh Royal Infirmary for allowing me to study the cases under their charge. I have also to thank the Medical Research Council for a grant towards this investigation.
Mr. J. Paterson Ross: I wish to mention three problems which may prove suitable for discussion. (1) Subdurral haematoma.-Chronic subdural baematoma has been so well described by Trotter, by Putnam, and before the Section of Neurology this year by Martin, that we are all familiar with the typical clinical picture. The point I wish to stress is the difficulty I have experienced, and I am afraid I am likely to meet it again, of recognizing the atypical case of subdural haematoma which is more subacute than chronic. I may illustrate this best by the following case records : -I.-A printer, aged 40 years, slipped and struck the back of his head on the pavement, on December 26, 1926. He did not lose consciousness, but from the time of the accident he suffered from severe headache, and he vomited five or six times daily. On January 3, 1927, he was admitted to hospital in a state of mild cerebral irritation. The pupils were normal and the optic discs flat. Examination of the central nervous system revealed no abnormal signs. Blood-pressure 118/80. Pulse-rate 68 per minute. A skiagram of the skull showed doubtful linear fracture in the left parietal region, which corresponded roughly to a healed abrasion of the scalp. Lumbar puncture yielded clear cerebrospinal fluid, under considerably increased pressure. January 8, 1927: He was more drowsy and irritable, and the pulse-rate dropped to 60 per minute. There was projectile vomiting. On January 9 he became unconscious, for the first time the pupils were noticed to be unequal, the right being smaller than the left, and within an hour of the appearance of this, the first sign of localizing value, he was dead. This was the fourteenth day after the accident.
Post-mortem examination revealed no fracture of the skull, but there was a large subdural blood-clot overlying the right frontoparietal area.
This was regarded as a case of cerebral contusion, and had subdural haematoma been suspected, it is probable that it would have been looked for on the left side (the side of the abrasion and the reported fracture) instead of on the right.
II.-A loader, aged 30 years, admitted unconscious after a street brawl, May 30, 1931 . He passed into a state of cerebral irritation, but his pulse rate was usually between 50 and 60, and he remained much the same in spite of saline treatment till June 6, when lumbar puncture was performed and blood-stained fluid, under increased pressure, was withdrawn. The next day he was quite rational and his pulse-rate had risen to 80 per minute. On June 10 he vomited and the pulse-rate fell again to 60, and for the next four days his state of consciousness varied from time to time from normal to extreme drowsiness. These variations became more marked, but on June 15 he became decidedly more drowsy. Up to that time there had been no sign of local lesion of the brain, but on the 15th there was slight weakness of the right side of the face and of the right arm, and the right abdominal reflexes were diminished as compared with the left. For two days there had been a rise of temperature to 99 * 8°F., and a leucocyte count showed 20,600 cells per c.mm. There was no papillsedema.
The diagnosis of cerebral abscess was made and the left cerebral hemisphere was explored widely, with a negative result. The patient died on the nineteenth day after admission, and post-mortem examination showed a large subdural hvmstoma in the right parietal area.
These two cases appear to me to be unlike the classical picture of the man over the age of 50 who, after an insignificant injury, shows no signs of trouble for weeks or months, and then gradually passes into the state of varying degrees of drowsiness, with headache and mental changes, arousing the suspicion of tumour. Of course acute cases have been described, but are usually considered to be rare. It seems to me that the condition must always be borne in mind whenever a case diagnosed as cerebral contusion is progressing unfavourably, and if exploration of one side gives a negative result, the other side must be examined also.
(2) Local brain lesion without rise in cerebrospinal fluid pressure.-Seeing that, apart from penetrating wounds, injury to cerebral tissue itself is a much less common cause of paralytic phenomena than pressure of blood-clot upon the affected area, it is natural to suspect intracranial hwmorrhage as the most likely diagnosis in any case of paralysis following a head injury. In the following case the diagnosis of habmorrhage was considered to be ruled out by the low cerebrospinal fluid pressure, and I bring it forward in the hope of finding out whether others have had similar experience, and whether this is a justifiable deduction to make from observation of the cerebrospinal fluid pressure.
The patient was a boy, aged 19, who was knocked down by a car on May 30, 1927. He was unconscious and, in addition to wounds on the right side of the face and head, he was found to have right-sided hemiplegia with absent abdominal reflexes and an extensor plantar response on the right side. The pupils were normal, the pulse-rate 90, and the systolic blood-pressure 118.
Lumbar puncture showed the cerebrospinal fluid pressure to be 100 mm. of cerebrospinal fluid, and the fluid was slightly and uniformly blood-stained. On this finding it was decided not to operate, and day by day the patient showed slow but steady improvement. On the fourth day he was in a state of cerebral irritation. On the sixth day be spoke indistinctly, and by the twelfth day he was perfectly conscious but with a weak right arm and well marked naming aphasia. In February, 1928, he could walk and talk perfectly, his intellect was unimpaired and he had no headaches, but the right arm was still a little weak. I saw him again at the end of last year when he was perfectly well.
At the first examination the presence of pronounced paralysis suggested intracranial h,%morrhage with pressure on the motor cortex, but the low pressure in the cerebrospinal fluid was interpreted as evidence that the hwmorrhage, if present, could not be extensive, and that symptoms were produced by local injury of the brain tissue by contre-coup. (3) Depressed fracture.-The traditional teaching that all depressed fractures must be operated upon has undoubtedly served a useful purpose, but it is questionable whether it is correct. Nobody will doubt the necessity for operating upon cases of depressed fracture in which there is a penetrating wound of the brain, and it is in such cases, especially if infection supervenes, that epilepsy is not unlikely to be a complication.
I do not, however, believe that operation as a prophylactic against epilepsy is required in all the remaining cases-that is, those without penetration of the brain. These cases may be divided into two groups-those which show evidence of brain injury and those which do not, the injury being presumably the usual cerebral contusion. The objection may be raised that cases of brain injury cannot always be distinguished clinically. But Jefferson was able to show, during the European War, that only five out of fifty-four patients with scalp wounds failed to show neurological symptoms and signs; and it may be fair to assume that if a depressed fracture is present without neurological symptoms and signs there is no appreciable cerebral damage.
Two years ago Mr. Trotter said that for a long time he had felt that the ancient doctrine that, except in the case of the very young, all depressed fractures must be operated upon, was wrong. He had come to hold the opinion that the risk of epilepsy developing from a simple depressed fracture was no greater than the risk of epilepsy developing after an operation including incision of the dura mater, and that it was a defensible attitude that simple depressed fracture, in the absence of any cerebral symptom, could with safety be left untreated by operation.
The operation performed for simple depressed fracture is elevation of the depressed bone, the dura when undamaged being left intact. Those who practise this operation signify thereby their belief that symptoms are produced by the direct pressure of the bone upon the subjacent cortex. It is possible to imagine that the resolution of an underlying contusion might be delayed by such pressure, but I do not know any evidence to show that this is a factor of importance, and it is improbable that the mere elevation of the bone will have an appreciable effect upon generalized cerebral cedema.
During the past two years I have deliberately refrained from operating upon four patients with depressed fractures. In every case the depression could be readily demonstrated by local examination and radiography, but in none was there any evidence of cerebral injury. The patients are being watched carefully, but so far they have suffered no disability.
Mr. C. H. Fagge (Chairman) said that if he did not misunderstand Mr. Jefferson's meaning, he found himself at variance with the contention that the tendency at present to stress the cerebral rather than the cranial injury was not entirely for the good. To him (the speaker) the changes appeared to have constituted a great advance. In the teaching of students particularly, it was all-important to make them realize that the thing which mattered was the intracranial injury, that the bone might, so to speak, look after itself. That was merely his own view of the question.
He was interested in Mr. Jefferson's remarks about lumbar puncture, because he had been taught that, either as a means of diagnosis, or as a method of relieving intracranial pressure, lumbar puncture was not without danger, and clinical experience had supported that. Could Mr. Jefferson tell him if any clinical signs in a given case could be taken as reliable indications that lumbar puncture was likely to be harmful ?
He thought he could supply Mr. Ross with particulars of several cases of depressed fracture which had been treated conservatively, with, so far as he knew, uniformly good results.
Mr. Julian Taylor said he would first like to ask Dr. Ritchie Russell one question. If one could not accept the doctrine that skull deformation with vascular effects was the essential pathological element in concussion, what was meant by " commotion" ? Mr. Trotter when writing on the subject decided that the "commotion" had no definite meaning. He would like to know what, in Dr. Russell's opinion, it meant, if the vascular theory were to be discarded. With regard to the relation of cerebral irritation to cedema, he, the speaker, had seen oedema resulting in irritation. One such case was that of a small boy who sustained a blow on the left temporal region. This was explored but the dura was not opened. The boy then showed the ordinary picture of slight irritation, restlessness with drowsiness and headache. On the fourteenth day after the accident he began to have Jacksonian fits on the side of the body opposite to that of the injury. He (the speaker) opened the dura and there saw a small subdural ha3matoma, with the underlying arachnoid raised in blisters, clear evidence of cedema. The decompression effected relieved the fits and the irritation rapidly subsided. Another example was the following: A man, aged 29, fell on the back of his head, suffering practically no concussion; nevertheless in the succeeding days headaches appeared and during the following five weeks he had attacks of drowsiness with increasing headaches. Papillcedema now developed to 5 D. but there were no localizing signs. The diagnosis of a competent neurologist was subtentorial tumour, while that of another was subdural haemorrhage, though he was doubtful as to the side. Subdural hmmorrhages were usually alongside the falx and so all one had to do was to bore a hole on either side of it. In this case treacly black blood came out through the needle on one side, nothing on the other. The question of treatment of subdural hbmorrhage was difficult, owing to the fact that the slow growth of such lesions resulted, like that of some cerebral tumours, particularly endotheliomas, in great displacement of the brain, which accommodated itself to the growing tumour. There came a time when the limit of accommodation was reached and then serious symptoms resulted.
In a sense, then, the slower the hamorrhage, the greater the urgency of operative treatment, and everybody knew the sequence in subdural hmmorrhage of a preliminary attempt at coma with temporary recovery, followed by a second attempt that killed the patient. In the case mentioned, an osteoplastic flap was turned down and a well-developed subdural haemorrhage with an enclosing membrane containing about half a pint of black fluid was seen. The hemisphere was pushed away towards the middle of the skull and was quite small. The man recovered but during the succeeding days signs of slight, but definite, irritation developed headaches, restlessness and irritability. That this was due to cedema was shown by the lifting of the osteoplastic flap some three-quarters of an inch by the swelling hemisphere as shown in a skiagram. Hmemorrhage was not the cause of this as needles were inserted for exploration around the bone of the flap with negative result. Here then was an example of wedema of the brain resulting in irritative symptoms which had been absent in the earlier stages of the illness when the brain was known to have been compressed.
Mr. Donald Armour said he would like some information from Dr. Riddoch on the underlying pathology of the symptom of photophobia following a head injury. He was not referring to the ordinary photophobia associated with the stage of irritation, but to that which was more or less an isolated symptom. He mentioned two cases in point.
One was that of a prize-fighter who was engaged in a contest in a very brightlylighted prize ring. He received a blow on the head, but was not marked, or knocked out; he was not even knocked down, but it was evident that something had happened which put him out of business, for he stood with his gloved hands pressed into his eyes, and remained so until he was rushed off to hospital, supposedly the victim of a severe injury. All that the neurologist could find was intense photophobia, and this lasted, gradually diminishing in intensity, for four or five days.
The other case happened in a member of his (the speaker's) own family, who had a closed linear fracture of the frontal bone, a few months ago. When he, Mr. Armour, reached the country hospital where he was, he found him otherwise normal, save that he kept his face buried in the pillows. He had intense photophobia which lasted four or five days, and then gradually disappeared. Otherwise he had been practically symptomless, as far as his head injury was concerned.
Dr. C. P. Symonds said that the first point which had struck him was how convenient it would be to have some terminology which would ensure that all who used the terms were meaning the same thing when speaking of the clinical state in head injury. The tendency of surgeons was to retain "cerebral irritation " as their descriptive term for the state so familiar in severe head injury in the acute stage. The condition had also been referred to as that of" cerebral contusion." He thought that, on the whole, the clinical label was better than the pathological one, especially as so little was still known as to the pathology of the condition. In the Continental and the American literature one found that the terms " traumatic stupor " and " traumatic delirium " were in use, and these appealed to him, rather than " cerebral irritation."
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Section of Neurology and Section of Surgeriy 761 The feature of this discussion which had interested him most was the opinion expressed by those who opened it, that increased intracranial pressure was not the essential cause of what he would prefer to call ' traumatic stupor " or ' traumatic delirium."
Mr. Jefferson had put clearly three good reasons for supposing that increased intracranial pressure was not the essential cause of the clinical state he had just referred to, and with those reasons he (the speaker) entirely agreed. And to these he would add another, namely, that careful observation of that clinical state would convince anyone who had had a wide experience of the effects of increased intracranial pressure, as exemplified in tumour, hydrocephalus, &c., that traumatic stupor was a different state. In the increased intracranial pressure due to cerebral tumour, &c., the mental state was that of drowsiness with apathy; there was not seen the same motor restlessness, confusion and delirium as in the traumatic cases.
As to the essential basis of traumatic stupor: if it was not pressure, it must be some direct damage to the neural tissues.
He agreed with Mr. Jefferson's observations that the haemorrhages-gross or petechial-were not so common as one might suppose from the literature. What he regarded as important was that the neuro-pathologists should investigate, in greater detail, the microscopical changes to be seen in those cases. The material for such an inquiry was hard to come by, because the patient who survived for the first two or three weeks after the injury seldom came to autopsy, but there had been published on the Continent one or two careful descriptions of the microscopic appearances seen in such cases, the patient having died of some intercurrent disease after four or five weeks had elapsed. In these, very widespread changes were described, both in the nerve-cells and in the myelin, of a kind which might account better for this peculiar clinical picture than either increased pressure or gross hasmorrhage. If that proved to be the case, then, as far as treatment was concerned, one would return to the conservative methods of prolonged rest and the use of sedatives. And, from his own experience, he could confirm Dr. Ritchie Russell's opinion as to the value of morphia, given in the way that speaker had recommended.
Dr. Russell Brain said that the photomicrographs shown by Mr. Jefferson threw light upon the frequent failure of hypertonic solutions to benefit cases of head injury. Weed and his fellow-workers had shown that their administration to normal animals caused a fall in intracranial pressure not only by diminishing the formation of the cerebrospinal fluid but also by promoting its absorption into the blood-stream through the perivascular spaces. Mr. Jefferson had shown that these absorptive channels were damaged in cases of head injury, and he (Dr. Brain) doubted whether it was wise to throw a strain upon them by administering hypertonic solutions.
Dr. Riddoch, in reply, said that the main lesson to be learned from the discussion was that knowledge of the pathology, symptomatology and treatment of head injuries was still imperfect. It was to be hoped that interest in this important subject would be revived.
To answer Mr. Armour's question concerning photophobia was difficult. Along with restlessness, irritability and headache, photophobia often remained for a considerable time after consciousness had been regained, and was sometimes associated with little more than pain behind the eyes.
Dr. Ritchie Russell, in reply to Mr. Julian Taylor, said that he had no precise idea of what the term " commotion " implied. It was, however, probable that loss of consciousness was due to the effect of jarring sustained by the nerve elements. He could only presume that the disturbance was molecular in nature.
Cases had been described of cerebral cedema associated with the clinical picture of so-called cerebral irritation. While there was no doubt that circulatory disturbances in the brain could cause great mental disturbance, the clinical picture " cerebral irritation" was absent in other conditions associated with cerebral cedema, such as cerebral tumour and uraemia. He could not see that there was any evidence that the irritable state of these patients was to be attributed to an irritative condition affecting the nerve elements.
Mr. Jefferson, in reply to the President, explained that what he had meant was that at the present time the profession was in a better position to tackle the problem of fracture when the other (intracranial damage) had been finished with; that in the light of modern knowledge he was not satisfied with all the explanations. That was all he had wanted to throw out in the way of criticism.
With regard to lumbar puncture and its danger, the point he had to make in that connection was, that the withdrawal of fluid was dangerous unless one had first taken a reading. To draw off a quantity of highly blood-stained fluid from a deeply stuporose-and, particularly, a deeply cyanosed-patient, was, be considered, likely to court disaster. It was the presence of deep cyanosis and stupor which would make' him feel very hesitant about drawing off fluid without knowing what the pressure was. ln these cases the deaths must be due to the same thing as in tumour, i.e., foraminal herniation.
With what Dr. Symonds said he was in entire agreement; the profession would do well to adopt the terminology suggested.
The other chief point which emerged was that raised by Mr. Paterson Ross about pressure readings. This year there occurred the case of a man who lay unconscious several days, with a very slow pulse-rate, aphasia, some stupor mixed with the aphasia, and weakness of his right arm. He, the speaker, measured the cerebrospinal fluid pressure, which was found to be 10 c.c. of water. His remark to the house-surgeon was, " We have solved one problem, we know he has no clot, and we can watch him with confidence." But in two days the patient had become worse, and was more deeply unconscious. He, Mr. Jefferson, explored, and found extradural hw,morrhage over the lower part of the motor area on the left side. In spite of the removal of the clot the patient did not make an immediate recovery. It was clear afterwards that there were two conditions: he had a small clot, which was 1 in. thick, though not greater in diameter than 1l in. But he did not show immediate improvement because there was an underlying contusion of the brain. After four weeks of semi-stupor, recovery was complete.
The question of acute subdural haematoma was a very difficult one. He agreed with Mr. Julian Taylor that the surgeon must explore both sides; that was the way to find out. He had had a case in a girl, aged 8 years, who when admitted to hospital was thought to have subdural haemorrhage. He opened the wrong side; she was too ill to allow of the other side being opened. Post mortem there was found to be an enormous haemorrhage on the opposite side. The time which elapsed between the accident and the death (including the operation) was only thirty-six hours. He might have saved the patient if her state had allowed him to carry out what had been his usual practice since, namely, opening both sides.
